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fetralogy of Fallot with pulmonary atresia and major aor-
topulmonary collateral arteries (MAPCAs) is a rare but
mportant anatomical configuration. Unifocalization is one
urgical procedure that creates an adequate pulmonary cir-
ulation in the setting of MAPCAs. In this text, the variable
natomy of MAPCAs and the correspondingly variable uni-
ocalization procedures are described in seven case presenta-
ions.
Case 1 is a 5-year-old boy with tetralogy of Fallot, pulmo-
ary atresia, MAPCAs, and a right aortic arch with aberrant
eft subclavian artery. Two MAPCAs originate from the right
escending aorta (Fig 1A). MAPCA L1 connects to the left
ulmonary artery, which has dual supply. MAPCA L2 does
ot have a connection with the pulmonary artery, which is
alled an “arborization anomaly.” The chest is opened
hrough a left posterolateral thoracotomy (Fig 1B).
MAPCA L1 is ligated (Fig 1C), and a left modified Blalock–
aussig shunt is established between the aberrant left subcla-
ian artery and the left pulmonary artery. MAPCA L2 is unifo-
alized by anastomosis to the left pulmonary artery (Fig 1D).
olytetrafluoroethylene (PTFE) tape is wrapped around the
odified Blalock–Taussig shunt (Fig 1E). A Gore-Tex tape
Gore-Tex, Flagstaff, Arizona) is passed beneath the persistent
eft superior vena cava and phrenic nerve and anchored to the
osterior wall of the sternum.
Case 2 is 13-year-old boy with tetralogy of Fallot, pulmonary
tresia, and MAPCAs. He has undergone a right modified Bla-
ock-Taussig shunt (Fig 2A). Two MAPCAs originate from the
eft descending aorta. Both have arborization anomaly. The
entral pulmonary arteries do not have a main pulmonary
runk (Fig 2A). The chest is opened through the left fourth
ntercostal space (Fig 2B). The left pulmonary artery and two
APCAs are well mobilized into the intrapulmonary space
ehind the hilus. MAPCA L1 courses behind the vagus nerve;
he inferior branch of MAPCA L1 courses between the bifur-
ation of the branches of the vagus nerve. Then MAPCA L1 is
ivided from the aorta, and the inferior branch of MAPCA L1
s divided from themain trunk ofMAPCA L1 to free the vagus
erve (Fig 2C). The inferior branch of the MAPCA L1 is
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doi:10.1053/j.optechstcvs.2007.05.001ivided and passed beneath the vagus nerve. Then it is again
nastomosed to the main trunk of MAPCA L1 (Fig 2C).
APCA L2 is anasotomosed to the inferior branch of L1 (Fig
D). The base of L1 is anastomosed to the left pulmonary
rtery (Fig 2E). A left modified Blalock–Taussig shunt is es-
ablished by a 6-mm Gore-Tex graft between the left subcla-
ian artery and left pulmonary artery. Left unifocalization is
hus accomplished.
Case 3 is a 4-year-old boy with tetralogy of Fallot, pulmo-
ary atresia, and MAPCAs. The left chest is opened through
he fourth intercostal space (Fig 3A). Two MAPCAs originate
rom the descending aorta. They are well mobilized around
he hilus. MAPCA L1 has dual supply from the descending
orta and the left pulmonary artery. The attenuated segment
etween MAPCA L1 and the left pulmonary artery is widely
pened. MAPCA L2 is divided and opened along its bifurca-
ion (Fig 3B). The opened stump of MAPCA L2 is anasoto-
osed to the long segment of MAPCA L1 (Fig 3C). A 6-mm
TFE graft originating on the left subclavian artery is then
nastomosed between the suture line of MAPCA L2 and the
eft pulmonary artery (Fig 3D). A stump of MAPCA L1 is
dopted for patch enlargement of the left pulmonary artery
Fig 3E). Gore-Tex tape surrounding the shunt is anchored to
he posterior wall of the sternum. Left unifocalization is thus
ccomplished.
Case 4 is a 7-year-old girl with tetralogy of Fallot, pulmo-
ary atresia, MAPCAs, and right aortic arch. The chest is
pened through the right third intercostal space (Fig 4A).
APCA R1 has a long connecting segment to the right pul-
onary artery. This long segment courses between the right
ulmonary artery and the right bronchus. MAPCA R1 is then
nastomosed to the right pulmonary artery (Fig 4B). MAPCA
2 is anastomosed to the long connecting segment ofMAPCA
1 in an end-to-end fashion. Azygos vein is removed and
dopted for patch enlargement of the right pulmonary artery.
6-mmGore-Tex graft is anastomosed to the azygos patch as
modified Blalock–Taussig shunt (Fig 4B).
Case 5 is a 1-year-old girl with tetralogy of Fallot, pulmo-
ary atresia, and many MAPCAs. MAPCA R1 originates from
he left side of descending aorta and connects to the central
ulmonary arteries as a patent ductus arteriosus. Two right-
ided MAPCAs (R2 and R3) and three left-sided MAPCAs
L1, L2, L3) have arborization anomaly and hence need uni-
ocalization (Fig 5A). The right chest is opened through the
ight fifth intercostal space (Fig 5B). The azygos vein is re-
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Staged repair of tetralogy of Fallot 111oved. MAPCA R1 is divided and enlarged by an azygos vein
atch (Fig 5C). This enlarged R1 is anastomosed to MAPCA
2. MAPCA R3 is also anastomosed to R2 (Fig 5C). A mod-
fied Blalock–Taussig shunt is then established between the
ight subclavian artery and MAPCA R2. Gore-Tex tape sur-
ounding the shunt is anchored behind the sternum (Fig 5D).
The left chest is opened through the fourth and seventh
ntercostal spaces. There are three MAPCAs, L1, L2, and L3
Fig 5E). Through the seventh intercostal space, MAPCA L3
s divided and anastomosed to MAPCA L1 in an end-to-side
ashion (Fig 5F). Through the fourth intercostal space, a lon-
itudinal incision is placed on the superior branch of the left
ulmonary artery beyond its bifurcation (Fig 5G, inset).
APCA L2 is widely spatulated (Fig 5G). MAPCA L2 is anas-
omosed to the superior branch of the left pulmonary artery
Fig 5H). The long flap of MAPCA L2 is turned and sutured
long the counter side to enlarge the anastomosis (Fig 5I).
hen MAPCA L1 is anastomosed to the distal end of the
uture of L2 and the superior branch of the LPA (Fig 5J).
inally, a 5-mm Gore-Tex graft is anastomosed to the newly
reated orifice as a left modified Blalock–Taussig shunt. Left-
ide unifocalization is thus accomplished (Fig 5K).
Through a median sternotomy incision, the Gore-Tex
apes encircling both the right and the left modified Blalock–
aussig shunts are exposed (Fig 5L). Under cardiopulmonary
ypass, both Blalock–Taussig shunts are ligated. The blind
mall pulmonary trunk is incised. The incision is extended
roximally into the right ventricular outflow tract and dis-
ally along the main basal branch of the left pulmonary artery
Fig 5L and M). The proximal end of the pulmonary trunk is
nastomosed to the distal end of the right ventricular outflow
ract (Fig 5N). The ventricular septal defect is patched, uti-
izing the membranous flap along the inferior margin of the
efect (Fig 5O). The left pulmonary artery is enlarged using
utologous pericardium (Fig 5P). A Gore-Tex bicuspid patch
s adopted for the right ventricular outflow reconstruction
Fig 5Q).
Case 6 is a 23 year-old man with tetralogy of Fallot, pul-
onary atresia, nonconfluent pulmonary arteries, and MAP-
As. Left-sided unifocalization was already performed by a
enopericardial conduit. The right chest is opened through
he fourth intercostal space (Fig 6A). MAPCA R1 courses
ehind the right bronchus. Although a small connection ex-
sts between the right pulmonary artery and MAPCA R1,
nifocalization is required forMAPCA R1. R1 is anastomosed
o the right pulmonary artery and R2 is anastomosed to the
istal part of R1 (Fig 6B). Then the azygos vein is interposed
etween the right pulmonary artery and the anastomotic site ff R1 and R2 (Fig 6B). A large xenopericardial conduit is
nastomosed to the widely created orifice at the site of anas-
omosis between the right pulmonary artery and the azygos
ein (Fig 6C). A modified Blalock–Taussig shunt is eventu-
lly established by a 6-mm Gore-Tex graft between the right
ubclavian artery and the proximal end of the xenopericar-
ial conduit (Fig 6C).
Two months later, a Rastelli procedure is performed
hrough a median sternotomy incision. Under cardiopulmo-
ary bypass, the ventricular septal defect is closed by inter-
upted sutures and a patch (Fig 6D). The bilateral xenoperi-
ardial conduits are connected by a third xenopericardial
onduit, resulting in confluent pulmonary arteries (Fig 6E). A
ourth xenopericardial conduit with a Gore-Tex tricusp (ho-
ograft is preferable) is adopted for use as an extracardiac
onduit from the right ventricle to the reconstructed central
ulmonary arteries (Fig 6E).
Case 7 is a 4-month-old girl with tetralogy of Fallot, pul-
onary atresia, nonconfluent pulmonary arteries, MAPCAs,
nd a right aortic arch. The right chest is opened through the
ourth intercostal space. Three MAPCAs, R1, R2, and L1,
riginate from the descending aorta (Fig 7A). MAPCAs R1
nd R2 go into the right lung, and L1 goes into the left lung.
1 and R2 are divided and sutured together over half of
heir circumferences (Fig 7B). A xenopericardial conduit is
nastomosed to the junction of R1 and R2 (Fig 7C). A
-mm Gore-Tex graft is interposed between the right sub-
lavian artery and the medial end of the xenopericardial
onduit.
The left chest is opened through the third intercostal
pace. MAPCA L1 originates from the right descending aorta
nd passes into the left lung between the left bronchus and
sophagus (Fig 7D). MAPCA L1 is divided and spatulated
Fig 7E). A xenopericardial conduit is anastomosed to the
patulated MAPCA L1 (Fig 7F). A 4-mm Gore-Tex graft is
nterposed between the left subclavian artery and the xeno-
ericardial conduit. Gore-Tex tape is anchored to the ante-
ior chest wall (Fig 7F).
Through a median sternotomy incision and under cardio-
ulmonary bypass, a large hole is created on the tops of the
enopericardial conduits used for the bilateral unifocaliza-
ions (Fig 7G). A third xenopericardial conduit is interposed
etween the bilateral xenopericardial conduits, creating con-
uent central pulmonary arteries (Fig 7H). A fourth xeno-
ericardial conduit with a Gore-Tex tricusp is anastomosed
o the confluent central pulmonary arteries (Fig 7I). The ven-
ricular septal defect is closed by interrupted sutures (Fig 7J).
Rastelli procedure is thus accomplished after bilateral uni-ocalizations (Fig 7L).
112 H. KurosawaFigure 1 A: MAPCA L1 has dual supply, but L2 has an arborization anomaly. B: The aberrant left subclavian artery
rounds the left bronchus anteriorly. MAPCA L1 and L2 round the left bronchus posteriorly. PLSVC  persistent left
superior vena cava.
Staged repair of tetralogy of Fallot 113Figure 1 (Continued) C:MAPCA L1 is ligated. Amodified Blalock–Taussig shunt is established between the aberrant left
subclavian artery and the left pulmonary artery with a 5-mm Gore-Tex graft. D: MAPCA L2 is anastomosed to the left
pulmonary artery.
114 H. KurosawaFigure 1 (Continued) E: Left unifocalization is completed. LPA  left pulmonary artery.
Staged repair of tetralogy of Fallot 115Figure 2 A: After rightmodified Blalock–Taussig shunt. Amain pulmonary trunk is absent. TwoMAPCAs originate from
the left descending aorta. B: Two MAPCAs originate from the descending aorta. MAPCA L1 courses beneath the vagus
nerve.
116 H. KurosawaFigure 2 (Continued) C: Anastomosis of the inferior branch of MAPCA L1. D: Anastomosis of MAPCA L2 to L1. E: Left
unifocalization is accomplished. LPA  left pulmonary artery.
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Staged repair of tetralogy of Fallot 117igure 3 A: A narrow segment
onnects MAPCA L1 and the left
ulmonary artery. B: The narrow
egment and MAPCA L2 are
idely opened.
118 H. KurosawaFigure 3 (Continued) C: MAPCA L2 is anastomosed to the narrow segment. D: The left modified Blalock–Taussig shunt
is established.
Staged repair of tetralogy of Fallot 119Figure 3 (Continued) E: A piece of MAPCA L1 is adopted for enlargement of the left pulmonary artery. LPA  left
pulmonary artery; LSCA  left subclavian artery.
120 H. KurosawaFigure 4 A: The long segment connecting MAPCA R1 to the right pulmonary artery courses between the right pulmo-
nary artery and the right bronchus. B: MAPCA R2 is anastomosed to the long connecting segment in end-to-end
fashion. A modified Blalock–Taussig shunt is anastomosed to the azygos vein patch. Asc. Ao. ascending aorta; RPA
 right pulmonary artery.
Staged repair of tetralogy of Fallot 121Figure 5 A: Many MAPCAs on both sides. MAPCA R1 supplies the central pulmonary arteries.
122 H. KurosawaFigure 5 (Continued) B: The right chest is opened. The azygos vein is removed.
Staged repair of tetralogy of Fallot 123Figure 5 (Continued) C: MAPCA R1 is enlarged by an azygos vein patch and anastomosed to R2. R3 is anastomosed to
R2 as well.
124 H. KurosawaFigure 5 (Continued) D: Right-sided unifocalization is accomplished.
Staged repair of tetralogy of Fallot 125Figure 5 (Continued) E: Two MAPCAs, L1 and L2, are near to the left bronchus, but L3 is beneath the left pulmonary
vein. F: Through the seventh intercostal space, MAPCA L3 is divided and anastomosed to MAPCA L1.
126 H. KurosawaFigure 5 (Continued) G: L2 is widely spatulated. Inset, the upward arrow on the superior branch of the LPA is the
incision for unifocalization; the downward arrow on the LPA is the incision for the subsequent Rastelli operation. H: L2
is sutured along the inferior margin of the incision on the superior branch of the left pulmonary artery. I: The spatulated
flap of L2 is sutured along the superior margin of the incision.
Staged repair of tetralogy of Fallot 127Figure 5 (Continued) J: MAPCA L1 is sutured to the anastomosis of L2 and the superior branch of the LPA. K: Left-sided
unifocalization is accomplished. Gore-Tex tape around the modified Blalock–Taussig shunt is anchored over the
phrenic nerve.
128 H. KurosawaFigure 5 (Continued) L: Through a median sternotomy incision, a longitudinal incision is placed across the right
ventricular outflow tract, blind pulmonary trunk, and left pulmonary artery.
Staged repair of tetralogy of Fallot 129Figure 5 (Continued) M: The incision is extended into the main basal branch of the left pulmonary artery. N: The
proximal end of the pulmonary trunk is sutured to the right ventricular outflow tract. O: The ventricular septal defect
is closed by interrupted sutures and a patch. Inferiorly, two sutures are placed in the membranous flap. P: The left
pulmonary artery is enlarged by an autologous pericardial patch.
130 H. KurosawaFigure 5 (Continued) Q: Total correction is accomplished after bilateral unifocalizations.
Staged repair of tetralogy of Fallot 131Figure 6 A: The right chest is opened. MAPCA R1 has a small connection with the right pulmonary artery.
132 H. KurosawaFigure 6 (Continued) B: Unifocalization utilizing the azygos vein.
Staged repair of tetralogy of Fallot 133Figure 6 (Continued) C: Right-sided unifocalization is accomplished by a xenopericardial conduit as a central pulmo-
nary artery. D: The ventricular septal defect is closed by interrupted sutures and a patch.
134 H. KurosawaFigure 6 (Continued) E: A Rastelli operation is accomplished after bilateral unifocalizations for nonconfluent pulmo-
nary arteries.
Staged repair of tetralogy of Fallot 135Figure 7 A: View is through a right thoracotomy. Three MAPCAs originate from the right descending aorta.
136 H. KurosawaFigure 7 (Continued) B: Half circumferences of R1 and R2 are sutured together. C: A xenopericardial conduit is
anastomosed to the R1-R2 junction.
Staged repair of tetralogy of Fallot 137Figure 7 (Continued) D: View is through a left thoracotomy. A single MAPCA, L1, comes from the right between the
bronchus and esophagus. E: L1 is divided and spatulated.
138 H. KurosawaFigure 7 (Continued) F: Left-sided unifocalization is accomplished.
Staged repair of tetralogy of Fallot 139Figure 7 (Continued) G: Large holes are created in the bilateral xenopericardial conduits. H: The third xenopericardial
conduit is interposed between the bilateral xenopericardial conduits. I: A Gore-Tex tricusp xenopericardial conduit is
anastomosed to the newly created central pulmonary arteries. J: The ventricular septal defect is closed by interrupted
sutures.
140 H. KurosawaFigure 7 (Continued) K: A Rastelli procedure is accomplished after bilateral unifocalizations and creation of confluent
central pulmonary arteries.
